Biased pain evaluation due to automated heuristics driven by symptom uncertainty may undermine pain treatment; medical evidence moderators are thought to play a role in such circumstances. We explored, in this cross-sectional survey, the effect of such moderators (e.g., nurse awareness of patients' pain experience and treatment) on the agreement between = 862 inpatients' self-reported pain and = 115 nurses' pain ratings using a numerical rating scale. We assessed the mean of absolute difference, agreement ( -statistics), and correlation (Spearman rank) of inpatients and nurses' pain ratings and analyzed congruence categories' (CCs: underestimation, congruence, and overestimation) proportions and dependence upon pain categories for each medical evidence moderator ( 2 analysis). Pain ratings agreement and correlation were limited; the CCs proportions were further modulated by the studied moderators. Medical evidence promoted in nurses overestimation of low and underestimation of high inpatients' selfreported pain. Knowledge of the negative influence of automated heuristics driven by symptoms uncertainty and medical-evidence moderators on pain evaluation may render pain assessment more accurate.
Introduction
Pain evaluation is fundamental for appropriate management. Nonetheless, caregivers are often inaccurate in their pain assessments and tend to misjudge pain [1, 2] . While patient self-reported pain (PSRP) appears to provide the most valid pain measure, observer-rated pain is often biased and incongruent with PSRP [2, 3] . Congruence studies which compare observer-rated pain with PRSP confirm that caregivers frequently misestimate patient pain and that incongruence may include both under-and overestimation of PSRP [3] [4] [5] [6] . Misestimation may depend upon inaccurate evaluation, biased assessment, or both. While inaccuracy often relates to the caregiver skills and assessment tool reliability, assessment may be biased by patient, caregiver, and situational moderators [5, [7] [8] [9] [10] [11] [12] .
The study of the relationships between the moderators that are thought to bias pain assessment and the features of the congruence between PSRP and observer-rated pain can be used as a tool to uncover the impact of pain assessment moderators on pain estimation and possibly to offer clues for the explanation of pain misestimation [2, 4] . Congruence features include the mean of the absolute difference, proportions of congruence categories (CCs: underestimation, congruence, and overestimation), the amount of agreement, and the correlation between PSRP and observer-rated pain [3, 4, 13] . Evidence shows that patient and setting moderators influence the congruence between PSRP and nurse evaluation of a patient's pain (NEP) [3, 14] . Previously we have found PSRP-NEP congruence to be limited, to include both underand overestimation of PSRP, and to be further influenced by PSRP intensity and psychosocial (age, gender, and marital status) and situational (admission area and hospital stay) moderators [3] .
Among situational moderators the medical evidence, relevant to the patient's condition and available to the caregiver when making symptom judgments, was proposed as a possible bias source for PSRP-NEP congruence. Medical 2 Pain Research and Management evidence includes all medical findings: symptoms, diagnosis, and treatments. Evidence supports its influence on symptom judgments made by lay and medical observers and in different clinical and research contexts [3-5, 12, 15, 16] . In its presence, observers' ratings of chronic pain were reported to be much higher than in its absence; its absence was salient to observers primarily for high PSRP. Previously we have found that, among inpatients, pain assessment was influenced by both medical and pain treatment evidences: in the presence of robust medical evidence for severe pathology, nurses inflated low PSRP, but because these patients received pain treatment, nurses strongly discounted high PSRP; similarly, clinical and treatment evidences were found to inflate overestimation of low PSRP in oncology, surgery, and ICU wards [3] . Thus, the caregiver's awareness of the patient pain experience and treatment may represent a cognitive bias source in pain evaluation especially in the presence of symptom uncertainty. Indeed, when symptom certainty is low (i.e., the PSRP validity is, for any reason, questionable), clinical judgments are more ambiguous and patients may be vulnerable to pain misestimation as observers may incorrectly use pain cues (e.g., medical evidence) and heuristics that may simplify clinical decisions but will bias pain estimation and treatment [4, 17] . As such cognitive bias can lead to systematic deviations from a standard of rationality or good judgment in pain evaluation and thus it is important to uncover their nature and source.
This study was set to uncover, in our hospital setting, possible relations between some selected medical evidence moderators and PRSP-NEP congruence features in order to assess the hypothesis that the exposure to such moderators may bias nurses against reporting pain in others. In particular, we sought to explore the potential affect of variables related to nurses' awareness of patients' pain experience and treatment in the past 24 h on PRSP-NEP congruence features. As recommended [4] , results may add knowledge and explanation to the role of such variables as predictors of bias in congruence studies and in pain evaluation.
Methods

Settings, Participants, and Procedures.
All inpatient hospital wards (except neonatology, paediatric intensive care, emergency room, and psychiatry), = 862 inpatients and = 115 nurses were included in the study. Two days before Index day, the chief nurse of each ward appointed and instructed the nurses who were to participate in the study as pain assessors. These nurses had to meet two conditions: to be actively operating in the ward for at least 7 days and to have worked one shift in the 24 h prior to the Index day. Each assessor was appointed to assess no more than 10 patients. As the study started, chief nurses established the list of the eligible patients. Inclusion criteria were patients ≥ 6 years of age, hospitalization for at least 24 h at the time of the study, giving consent, and having no cognitive impairments or language/speech barriers. Thereafter, they administered the questionnaire to these patients for pain self-estimation. Simultaneously, assessors reviewed these patients' charts for demographic and medical data; then, without directly questioning the patients, they estimated these patients' current pain. All pain ratings were made using a 0 ("no-pain")-10 ("worst pain I can imagine") numerical rating scale (NRS); nurse estimation of pain will be referred to as NEP while patient self-reported pain will be referred to as PSRP. Assessors made their assessment by using the information acquired both during their professional interaction with the patient prior to the study and from the medical chart. This information included the moderators whose relations with PSRP-NEP congruence features were to be analysed.
Analysis Rationale and Data Management.
To be meaningful, congruence studies should include the Pearson correlation, the proportions of congruent scores, and the mean of the absolute difference (MAD) between patient and observer [13] ; Iafrati suggested that patient/observer VAS ratings may be considered concordant if they differ by less than 1 cm [18] . The use of correlation and regression alone is inappropriate to describe agreement between two observers who measure the same variable as there might be a close correlation but poor clinical agreement [3, 4] . Moreover, for ordinal data (like the NRS), transformation in categories and a nonparametric correlation method, such as the Spearman rank, should be used and, for category variables, agreement is determinable by the -statistics [19] . The Iafrati criterion applicability was questioned [3, 4] and thus it was not used in this study. Indeed, it may induce artificial agreement between pain categories; as either category implies different clinical approaches, confusion between them may induce treatment and epidemiological errors. In our study NRS scores were first used to determine PSRP-NEP MAD and, hence, transformed into pain categories to enable computation of Spearman rank correlation, -statistics, and congruence categories proportions.
The primary goals of the study were to assess the following NEP-PSRP congruence features: MAD (on a 0-10 scale), agreement, correlation, and proportions of congruence categories (CCs: underestimation, congruence, and overestimation). The secondary goal was to analyse these features with relation to independent category variables, namely, "congruence moderators" (see below). For these purposes, NRS scores of both NEP and PSRP were transformed into four pain categories: no-pain (NRS = 0), mild pain (NRS ≥ 1 and ≤3), moderate pain (NRS ≥ 4 and ≤6), and severe pain (NRS ≥ 7), following Collins et al. [20] . Finally, for each patient, NEP and PSRP categories were compared and proportions of congruence (NEP = PSRP), underestimation (NEP < PSRP), or overestimation (NEP > PSRP) were calculated. Establishing the aforementioned congruence features enabled the evaluation of their relationship with independent variable categories like the PSRP categories and the "congruence moderators" described below. 
Data Presentation and Statistical Analysis.
Continuous data were reported as the mean (±standard deviation). MAD was reported as the mean and (95% CI, upper and lower confidence intervals) category data and proportions were expressed in percentages. The CCs dependence upon independent variable categories (e.g., PSRP categories) was determined using 2 -analysis. When significant, a post hoc cell contribution analysis was performed and major contributions for the association were reported. The analysis of agreement and correlation between NEP and PSRP categories were performed by the -statistics and the Spearman rank correlation methods, respectively. When statistically significant, an absolute value between 0.1 and 0.3 was considered as mild agreement; 0.31-0.5 as moderate; and 0.51-1.0 as excellent [19] . For the correlation analysis, when statistically significant, an absolute Rho ( ) value between 0.2 and 0.4 was considered as mild association; 0.41-0.7 as moderate; and 0.71-1.0 as strong [19] . Statistical significance was defined as < 0.05. When appropriate, < 0.01 and < 0.001 were reported.
Results
PSRP was obtained from = 862 patients and = 115 nurses provided the NEP for these patients; mean assessor/patients ratio was 1 : 7.5. Eighteen eligible patients were not enrolled ( = 11 were out of the ward during the study and = 7 refused participation). Patients' mean age was 61.3 (±20.9) years and 52.2% ( = 450) were females. Table 1 describes, for each congruence moderator subset, the MAD between NEP and PSRP NRS scores, the proportions of NEP-PSRP pain categories agreement and disagreement (under-and overestimation), and the results of the -statistics and Spearman correlation analyses. 
Awareness for Patients' Pain
Experience. According to the assessors 53.5% of the patients experienced pain in the past 24 h. Agreement within this subset was half of that found within the subset of patients who, according to the nurses, were without pain experience (Table 1 ). In both subsets NEP-PSRP correlation was moderate while agreement was only mild or poor, respectively.
CCs dependence upon the presence or the absence of pain experience was statistically significant ( 2 = 125.217, d.f. = 2, and < 0.001); major contributions for this dependence were the association of overestimation with the presence of pain experience and the association of congruence with the absence of pain experience.
Causes of Pain.
According to the assessors, the most common causes of pain were surgery (37.5%) and those which were not specified in the questionnaire (other, 36.2%). These were the only subsets in which agreement was statistically significant although it was poor or mild, respectively (Table 1) .
NEP-PSRP correlation was found to be mild within the surgery subset and moderate within the diagnostic procedures and the other subsets.
Analgesics Prescription. Out of the
= 855 patients for whom nurses have indicated the presence/absence of analgesics prescription only 21% had such prescription. NEP-PSRP agreement and correlation in both subsets were mild and moderate, respectively (Table 1) . CCs dependence upon both subsets was statistically significant ( 2 = 40.153, d.f. = 2, and < 0.001); major contribution for this association was the association of congruence with the absence of analgesic prescription followed by that of overestimation with the presence of such prescription.
Analgesics Administration
Timing. Analgesic administration scheme was known for = 173 patients. Administration schemes were ATC (37.0%), PRN (54.9%), and the association of both ATC and PRN (8.1%). Agreement, though limited, was statistically significant only for the ATC regimen while correlation was found to be mild and moderate for the PRN and + regimens, respectively (Table 1) . CCs were found to be independent of the administration regimen. Yet, proportions of overestimation were the highest (50%) for the PRN with or without ATC regimen (Table 1) . It was noted that underestimation proportion was the lowest for the PRN + ATC regimen.
Analgesic Type. Among the
= 179 patients with analgesic prescription 57.5% had NSAIDs prescription, 35.2% had opioids, and 7.3% had both. In general, CCs were shown to be independent of the analgesic drug prescribed ( 2 = 3.222, d.f. = 4, and > 0.05). Nonetheless, qualitative differences in CCs proportions in each drug subset could be detected. As reported in Table 1 , overestimation was shown in almost half of the patients with an NSAIDs or opioids prescription whereas congruence was found in almost half of the patients with an NSAIDs + opioids prescription. Proportions of overestimation in the latter subset were half of those found in either the NSAIDs or opioids prescription subsets.
As shown in Table 1 , only NSAIDs prescription, whether combined with opioids or not, promoted statistically significant NEP-PSRP agreement and correlation. Interestingly, in the latter case NEP-PSRP correlation was found to be strong. Table 3 reports, for each moderator subset, the results of the 2 -analysis for CCs dependence upon PSRP categories and the major contribution for such dependence (post hoc analysis). The mild and moderate PSRP categories are not shown in this table as CCs/PSRP associations were found only for no-pain and severe PSRP categories. In 13.5% of the moderator subsets CCs were either found to be independent from the PSRP categories or there was no sufficient data to complete this analysis. In the majority of the subsets in which CCs were found to be dependent upon the PSRP category, underestimation was associated with the severe PSRP category; the two exceptions were the association of congruence and no-pain PSRP category for the "absence of pain experience in the past 24 h" subset and the association of overestimation and no-pain PSRP category for the subset "others" among "cause of pain" moderator.
CCs Dependence Upon PSRP Categories.
For more detailed qualitative observation, Figure 1 shows radar plots of the CCs proportions in each PSRP category within the subsets of patients that were, according to the assessor, with or without pain experience in the past 24 h ((a), (a2) and (a1), resp.) and within the subsets of patients with or without analgesics prescription ((b), (b2) and (b1), resp.).
In particular, while for both "pain experience in the past 24 h" subsets CCs were variably yet significantly associated with PSRP categories (Table 3) , within the subset of patients without pain experience (versus the opposite subset), the proportions of congruence for no-pain category and of underestimation for mild to severe PSRP categories were particularly high [74% and 96%, resp.; see Figure 1((a), (a2) and (a1))].
Interestingly, major differences between the subsets of the presence or absence of analgesics prescription were detected when CCs proportions within each PSRP category were compared. Indeed, while for patients with analgesic prescription congruence proportions in all PSRP categories were low and roughly similar (Figure 1 (b2) ), this was not the case for patients without analgesic prescription (Figure 1  (b1) ). In the latter subset the congruence proportions within the no-pain PSRP category were more than twofold higher and those of underestimation of mild and moderate PSRP categories were more than two-and threefold higher, respectively. Thus, congruence with the no-pain PSRP category and underestimation of mild and moderate PSRP categories were prominent features in the absence of analgesic prescription. On the contrary, for patients with analgesic prescription (Figure 1 (b2) ), overestimation was the most representative feature. Indeed its proportions within all PSRP categories were higher than in those of patients without analgesic prescription.
Finally, CCs dependence upon the PSRP category was statistically significant in both the ATC and PRN subsets but not within the + subset. Major contributions for this dependence were the associations of underestimation and severe pain category followed by that of overestimation and no-pain category.
Discussion
While most congruence studies are restricted to predictable pain settings [12, 15, 16, [21] [22] [23] [24] [25] [26] [27] [28] [29] or use vignette investigations with imaginary circumstances [23, 28, 30, 31] , this study was held in an authentic comprehensive clinical context. It supports the hypothesis that situational features, like medical evidence moderators, relate to PSRP-NEP CCs and extends it to the entire inpatient population. We previously found that among inpatients PSRP-NEP agreement was limited; underestimation was directly proportional to the PSRP severity while congruence and overestimation were inversely proportional to it [3] . In this study we analysed the PSRP-NEP agreement profile, CCs proportions, and CCs dependence upon PSRP categories as a function of nurses' awareness of patients' pain experience and treatment in the past 24 h. Our results add evidence to the notion that these moderators may represent a source of bias during pain evaluation and offer elements for the explanation of pain misestimation. It is plausible, especially under conditions of symptoms uncertainty and ambiguous clinical judgment, that observers may incorrectly use medical evidence cues and follow established cognitive pathways to intuitive heuristics that may simplify clinical decisions but will bias pain estimation. Understanding of the negative influence of such heuristics on pain evaluation and avoiding them may render pain assessment more accurate.
Nurses' awareness of patients' pain experience in the past 24 h (versus its absence) showed a better agreement profile. However, it yielded higher proportions of pain overestimation (44%) and was associated with underestimation of severe pain. The assessor's assertion of the absence of pain experience promoted more robust proportions of PRSP-NEP congruence (64%) which were associated with nopain PSRP category. Either absence or presence of analgesic prescription in the past 24 h yielded similar agreement profiles; absence, however, showed higher proportions of congruence (55%) while the presence of analgesic prescription showed higher proportions of pain overestimation (46%). Both subsets were associated with underestimation of severe pain. Among pain causes the subset "other" (i.e., causes not included among common causes list) showed the best, yet limited, agreement profile, the highest proportions of pain underestimation (42%), and association with overestimation of no-pain category. Both surgery and diagnostic procedures subsets yielded higher proportions (50%) of PRSP-NEP overestimation and congruence, respectively, and were associated with underestimation of severe pain.
These results seem to depict a trend for which both the presumed presence of pain experience and the analgesic prescription promoted low PSRP overestimation while their absence promoted PSRP-NEP congruence. In either case, underestimation of severe pain continued to be a prominent feature. These findings are consistent with other studies in which, for low, intermediate, or high PSRP, observer pain ratings were generally higher, equal, and lower, respectively [3, 5, 12, 17, 22, 23, 32, 33] . Clinically, overestimation is as harmful as underestimation: patients who report high PSRP even when nurses are aware of their pain experience and analgesic treatment are vulnerable to underestimation and hence to pain undertreatment [17] . Patients who report low PSRP are subject to overestimation and thus are exposed to overtreatment with potential treatment hazards.
One particular aspect faced in this study was the influence of pain treatment details (analgesic class and administration regimen) on PSRP-NEP agreement. We included this analysis to verify whether nurses' awareness of such moderators may further influence PSRP-NEP agreement. We sought to verify whether progressively stronger analgesics (NSAIDs versus opioids versus opioids + NSAIDs) and a more complex administration regimen (PRN versus ATC versus ATC + PRN) may represent medical evidence cues of patient pain for nurses and thus influence their evaluations.
Agreement profile in most pain treatment subsets was limited and for some subsets agreement and correlation were not statistically significant. Exceptions with fair agreement profiles were the prescription of opioids + NSAIDs with complex administration regimen ( + ). Taken separately any of NSAIDs, opioids, or complex administration regimen ( + ) subsets yielded high proportions of pain overestimation. Interestingly, a complex opioid administration regimen ( + ) yielded high proportions of underestimation. The highest proportion of PSRP-NEP agreement (67%) was found for the ATC opioids + NSAIDs prescription; this subset however included only 3 cases.
These results, although complex, seem to depict a comprehensible trend. Taken separately, the stronger the analgesic was or the more complex the administration regimen was, the higher the pain overestimation was. Put together, the stronger the analgesic was associated with more complex administration regimen, the higher the pain underestimation was. Analgesic associations and low-complex administration regimen promoted PSRP-NEP agreement. Explanation for these results may be that nurses may infer cues on pain severity from its treatment details and use them when making symptom judgments. Nonetheless, these cues may promote a dichotomous interpretation in the assessors: weaker analgesics (NSAIDs) and low complexity of their administration regimen may be interpreted as a confirmation for the underlying pain condition; stronger analgesics (opioids) and high complexity of administration regimen may confirm the underlying pain condition but, given the "vigorous" treatment, high PSRP severity may be questioned by the assessor. Thus, as the presence of any type of pain treatment was probably used by the nurses as a cue for the very presence of the patient's pain condition, nurses tended to inflate low PSRPs; however, if the patients received complex pain treatment, nurses strongly discounted high PSRPs.
Pain assessment can be demanding especially in patients who are unable to self-report. In such situations, relying on observational assessment tools is an alternative strategy [34] . The evidence affirms that as pain cannot be proved or disproved, PSRP should be accepted as the most reliable evidence for the pain presence and intensity [35, 36] . Often however, even when PSRP is available, symptom certainty may be undermined by a variety of reasons: PSRP may be incompatible with objective diagnostic findings and the subjective nature of pain assessment as well as medical treatments and standards of care may be inefficacious. To reduce uncertainty that often affects pain assessment, caregivers tend to follow established cognitive pathways to intuitive heuristics that serve to simplify the clinical judgments that they make; yet, those heuristics are also responsible for bias in symptom judgment especially when those judgments regard the certainty that caregivers attach to PSRP, and the information engaged to drive such heuristics frequently has little association with pain severity [17] .
Evidence supports the influence of medical evidence on symptom judgments made by both lay and medical assessors [3, 12, [15] [16] [17] 27] . For example, among the inpatient population, the highest proportions of agreement were found in obstetrics and the lowest in surgery, oncology, and radiotherapy wards [3] . In these areas complex pain conditions and treatments are common. For obstetrics, high PSRP joined with the medical evidence of parturition (i.e., nurses' awareness of patients' pain experience) yielded the highest congruence proportions and low underestimation. For radiotherapy, high PSRP joined with the patients' serious health conditions did not promote congruence; underestimation was the highest while overestimation was significantly associated with low PSRP. Again it appears as if the medical evidence association with CCs was mitigated for high PSRP and amplified for low PSRP. As patients in radiotherapy had robust medical evidence for severe pathology, nurses inflated low PSRPs, but because these patients received robust pain treatment (i.e., nurses' awareness of pain treatment), nurses strongly discounted high PSRPs.
It was argued that, in symptoms judgment, medical evidence power may reside in its intuitive appeal mainly when judgment is subject, for any reason, to uncertainty. It provides a strategy, for symptoms judgment, that has the weight and reliability of "medicine" behind it, as codified in medical guides [37] . Nonetheless, as our results show, such behaviour induces bias in pain evaluation, undermines PSRP-NEP agreement, and may promote both under-and overestimation of PSRP and thus may lead to inappropriate treatment.
Study Limitations and Conclusions
As this study focused on PSRP-NEP agreement and correlation, CCs proportions, and relationships among variables, cause and effect conclusions could not be drawn. Further, these relationships might have been mediated by other moderators which were not addressed in this study (e.g., nurse's psychosocial and professional features and patient's verbal and nonverbal pain behaviours). The stratification of cases in some of the moderator subsets was limited by the number of the inpatients available. Further, the number of univariate analyses made in this study may increase the risk of Type I error. To allow interpretation, the level of value, for each analysis, was reported. As many of these values were of high significance this risk is low. The study's ecological and external validity may be questioned. Indeed, the study design of indirect NEP modifies the direct evaluation method. Evidence shows that the availability of the PSRP to assessors does not guarantee PSRP-NEP agreement. If the study had focused on the nurses' judgment of the PSRP then the direct evaluation would have been essential to the nurse and its absence would have affected the ecological validity of the study task [3] . Data collection in this study was within a setting of routine work. Thus, the external validity of the study comes from its strong relevance to practice and the ability to highlight important assessment issues.
In this study of the entire inpatient population, the PSRP-NEP agreement was limited. CCs were further associated with situational moderators like nurses' awareness of patients pain experience and treatment. An understanding of the negative influence of automated heuristics driven by symptoms uncertainty and medical evidence moderators on pain evaluation and avoiding them may render pain assessment more accurate.
Additional Points
Caregivers are often inaccurate in their pain assessments and tend to misjudge pain especially in the case of symptom uncertainty. This may be driven by automated heuristics and leads to inappropriate treatment. Pain ratings agreement between inpatients and nurses could uncover bias moderators in pain assessment. Analysis of pain ratings agreement showed that medical evidence moderators such as nurses' awareness of patients' pain experience and treatment in the past 24 h bias pain evaluation agreement. Understanding the negative influence of automated heuristics driven by medical evidence moderators on pain evaluation and avoiding them may render pain assessment more accurate.
